ABSTRACT: In the laboratory, we mimicked suspension of harpacticoid copepods by winter storms and measured the relative amount of neutral lipid per individual. The energy reserves of adult males decreased significantly after only 2 d of suspension. The energy reserves of adult females could not be shown to decrease even after 3 d of suspension. As storms lasting 2 to 3 d are common at the northern Gulf of Mexico study site (29" 40.63' N, 84" 22.80' W), an energetic cost of suspension for adult male harpacticoids should be incorporated into explanation& of the effects of winter storms.
INTRODUCTION
Winter storms are one of the most conspicuous features of the environment on temperate and boreal continental shelves. They can occur several times per month (Cacchione et al. 1987) , have large spatial scales, and can move sediment at substantial water depths (e.g. Sherwood et al. 1994) . Despite their potential importance, the effects of storms on the ecology of shelf benthic communities are only beginning to become known (Eagle 1975 , McCall 1977 , Shackley & Collins 1984 , particularly for meiofauna (Hogue 1982) .
Shelf meiofauna tend to be concentrated in the upper few centimeters of sediment (de Bovee & Soyer 1974 , Huys et al. 1986 ), the layer subject to mobilization and transport (i.e. the creation of bed forms) by storms. Because these marine animals are small and have a specific gravity not much greater than that of seawater, they risk erosion when bottom shear forces increase (Palmer & Gust 1985) , e.g. during storms, unless they escape into the seabed. However, Thistle et al. ( in press) found they do not escape below the reworked layer during even a moderate storm. When eroded, they will be suspended rather than moved in bed-load transport. A suspended individual's energy costs in the water column may exceed its energy intake because many benthic meiofauna feed by scraping microbes from sediment particles (Wieser 1953 , It6 1970 , Marcotte 1977 , which they may be unable to do or may do with reduced efficiency in the water column (but see Decho 1986) .
We investigated the possibility that being suspended entailed a cost that would be revealed as a decrease in the stored-energy reserves of suspended individuals. We chose the harpacticoid copepods as a representative study group because they range in lifestyle from infaunal burrowers to epibenthic forms (Noodt 1971 , Coull 1972 , encompassing much of the variability in lifestyle of the meiofauna.
MATERIALS AND METHODS
The study site was in the northern Gulf of Mexico (29'40.63' N, 84" 22.80' W) at 18 m depth (Fig. l ) , where two 10 m lines placed 3 m apart defined the sampling area. The sediment was a n unvegetated, medium sand with < l % silt-clay content by weight. During winter, the water column was stratified; a n Mar Ecol Prog Ser approximately 8 m thick, colder, fresher layer overlay a n approximately 10 m thick, warmer, saltier layer (Harkema et al. 1991 (Harkema et al. , 1992 (Harkema et al. , 1993 .
To design the experiment, we needed information on the frequency and duration of winter storms, defined as periods when near-bottom flow velocities were sufficient to mobilize and transport the sediment at the study site and, therefore, had the potential to suspend harpacticoids. Our approach involved several types of field measurements. We deployed a long-term, burstsampling current meter at the study site during the winters of 1990 , 1991 , and 1992 (Harkema et al. 1991 , 1992 , 1993 . The current meter consisted of a Savonius rotor (centered at 1 m above bottom), a vane, an internal compass, and an inclinometer. Current velocity, current direction, and the tilt of the current meter were recorded every 15 min in 32 S sampling bursts. To estimate storm frequency and duration, we examined the noisiness of the current-meter vane [specifically the vane-normalized unit vector (VNUV) (cf. Butman et al. 1979 )J. From comparisons of periods when the VNUV was low and variable (i.e. when the vane record was very noisy) with weather maps and with wind and temperature data from nearby weather stations, it was apparent that sustained periods of low, noisy VNUV coincided with the passage of cold fronts and that the vane noisiness was caused by wave-induced current oscillations at the bottom. These data were correlated with sediment mobilization and transport as follows.
Several times while the long-term current meter was deployed, we also deployed a short-term (10 d duration) mooring with Savonius rotors centered at 8.0, 4.5, 3.8, 2.8, 2.0, 1.0, 0.58, and 0.24 m above bottom to provide measurements of near-bottom speed profiles. We estimated the bottom roughness parameter zo by fitting the data to the logarithmic speed profile equation (viz. the law of the wall) with a least squares fit (Harkema et al. 1991) . The zo values calculated prior to the passage of cold fronts were consistent with those of a flat, rough bottom for which zo scales with sediment grain size, whereas zo values calculated for several days after the passage of cold fronts were consistent with the length scales associated with a nppled bottom. [Savonius rotors are poor sensors for accurate speed measurements during periods of strong surface-wave activity (e.g. Saunders 1980), so 2, values calculated during the passage of a front were not considered reliable.] The post-front values indicated that during front passage (when VNUV was noisy) surface waves of sufficient height and period to create bedforms existed (Cacchione & Drake 1990).
We confirmed this correlation between VNUV noisiness, wave statistics, and sediment mobilization and transport by deploying a time-lapse video recorder (50 cm above bottom) and a pressure sensor (10 cm above bottom) at the site. Observation of partlcle motion in the video record showed 6 to 7 s oscillations of the near-bottom flow and initial motion of the sediment surface as the VNUV noisiness approached our defined storm threshold, and wave-generated bottom ripples were observed in the video record after the passage of cold fronts. These bedforms were smoothed out over several days by biological activity. The pressure record showed that when surface gravity waves with a 7 s period exceeded a height of 2 m, visibility on the video record was completely obscured by sediment thrown into suspension by wave-induced reworking. Our inference received further support from hindcast estimates of the climatological wave field in the region (Hubertz & Brooks 1989), which indicated that 7 s surface waves with heights 2 2 m occurred with approximately the same frequency as did storms as we defined them (G. L. Weatherly & D. Thistle unpubl.) . Storms occurred on average every 8.6 d during winter (December to March). On average, 75 % of the storms lasted > l d, 4 2 % lasted > 2 d, and 17% lasted > 3 d (Table 1) .
To determine the effect of suspension by winter storms on the stored-energy reserves of harpacticoids, we created a treatment that approximated conditions during winter storms (suspension) and a control treatment that approximated conditions in winter during calm periods (nonsuspension). For both treatments and controls, we used shear-driven annuli (Fukuda & Lick For the nonsuspension condition, a core was mounted in each annulus with the sediment surface coplanar with the bottom of the annulus. The drive plate was rotated at 12 0 (SD) rev min-l; the water was moving, but the sedunent at the surface of the core was not. The experiment was replicated 4 times (runs) during winter 1992. A run consisted of 6 conditions, 1 condition per annulus. That is, 1 suspension annulus and 1 nonsuspension annulus were set up for each of 3 duration~: 5 min (0 d), 48 h (2 d), and 72 h (3 d). The 0 d duration was a handling control. The 2 d and 3 d durations were chosen because 2 d and 3 d storms were frequent at the study site (Table 1) . For each run, the 6 experimental conditions were randomly assigned to the 6 annuli. The temperature in the annuli was kept at the temperature of the bottom water at the site on the day the run was begun. We used daylight fluorescent bulbs mounted over each annulus to mimic the light intensity and light-dark cycle at the study site in winter at the midpoint of the bottom layer as measured by an in situ recording light meter. We chose this depth because, given the stratification, the suspended harpacticoids would be largely confined to the bottom layer during storms.
On the day each run was begun, 6 seawater samples were collected from the site at the midpoint of the bottom layer with a 30 1 Niskin bottle (Teflon-covered spring, silicone 0-rings). As a check on the availability of microalgae that could be food for harpacticoids in the water (Decho 1986 ), we took two 250 m1 samples from each volume for chlorophyll a (chl a) concentration determination (following Evans & O'Reilly 1983 and Lohrenz et al. 1988) . To remove large, planktonic herbivores that might deplete the phytoplankton during a run, we sieved each volume through a mesh of 243 pm.
For each run, seven 15.5 cm2 cores were taken at random from the site by divers. One core was selected at random to be an at-sea control. The harpacticoids were extracted from the top 3 cm of sediment of the atsea control by decantation (Pfannkuche & Thiel 1988). In our implementation of decantation, we placed the sediment and the overlying water in a graduated cylinder and made the volume up to 1 1 with 32 pm filtered seawater. We inverted the cylinder 5 times in quick succession, set it upright for 10 S, and poured approximately 70% of the fluid off into a sieve. We repeated the procedure 5 times. Harpacticoids were extracted with >95 % efficiency (n = 3). We sampled the top 3 cm of each core because the seabed at the study site is subject to mobilization and transport to this depth during winter storms (Thistle et al. in press ). The extracted material was caught on a 63 pm mesh sieve, frozen with liquid nitrogen, and stored at -18°C. The remaining cores were transported to the laboratory at approximately in situ temperature under subdued light. Each core was assigned at random to 1 of the 6 experimental conditions (e.g. 0 d nonsuspension).
In the suspension treatment, we wished to approximate the concentration of harpacticoids and materials that the harpacticoids would experience when suspended during a storm. We did so by extracting the overlying water and top 3 cm from the appropriate core by decantation (the decanted fluid was poured directly into the appropriate annulus) because decantation removed from the sediment those materials (e.g. fine sediment) with settling velocities less than or equal to those of harpacticoids, which are the materials that the harpacticoids would experience while suspended during a storm. To create the correct concentration of harpacticoids and these materials in the annulus, we assumed that mixing of suspended material during a storm would be limited to the bottom 10 m of the water column because of the stratification. Therefore, the harpacticoids and material extracted from the 3 cm by 15.5 cm2 sediment column would be suspended into a volume 15.5 cm2 X 10 m (= 15.5 1) during a storm. By adding 243 pm filtered seawater from the study site to the annulus to make the volume 15.5 1, we approximated this aspect of conditions at our site during a storm. To sample a suspension treatment, we siphoned two 250 m1 samples for chl a concentration determination while the drive plate was rotating. We then removed the drive plate and siphoned the remaining water through a 62 pm mesh sieve. The sieve contents were frozen with liquid nitrogen and stored at -18°C.
To establish a nonsuspension treatment, we mounted the appropriate core in an annulus, such that the sediment surface was coplanar with the annulus bottom, and added 15.5 1 of 243 pm filtered seawater without disturbing the sediment. To prevent development of anoxia in the core, we allowed seawater to percolate through it at 0.13 m1 min-' cm-'. The core was observed hourly; at no time did we detect the change in sediment color indicative of anoxia (Rhoads 1974) , although we had seen this color change deeper in cores from the study site. To sample a nonsuspension treatment, we took two 250 rnl water samples for chl a measurements and siphoned the remaining water from the annulus. The core was removed, and the top 3 cm were extracted by decantation onto a 62 pm mesh sieve. The sieve contents were frozen and stored as above.
To assess the energy reserves of harpacticoids, we measured the relative amount of stored neutral lipid per adult harpacticoid following Carman et al. (1991) . Briefly, harpacticoids were removed from the thawed 8 1 sample under a dissecting microscope. Each adult was stained in a solution of the lipid-specific fluorochrome Nile red (Kodak) and identified (Table 2) . Specimens were mounted in lateral view with the right side uppermost. Under epifluorescence illumination (excitation 525 k 25 nm, 545 nm dichroic mirror, emission 580 + 25 nm), the neutral-lipid droplets (visible through the transparent body wall) in the half of the prosome toward the observer were brought into focus and photographed. Then the neutral-lipid droplets in the half of the urosome toward the observer were brought into focus and photographed as above. The photographic slides were mounted in an enlarger in a standard geometry. The neutral-lipid area (cm2) of the enlarged image was measured with the aid of image analysis for each individual. (During neutral-lipid quantification, the identity of the sample was not known by the operators.) The neutral-lipid area for each individual was loglo(x+ l ) transformed (the transformed scale) to reduce the right skew of the raw data. Species represented by S 5 individuals were eliminated from the data set.
For statistical analysis, w e separated the copepods into adult males and adult females (females with external egg sacs were omitted) because of the possibility that the energy demands of reproduction might make adult females respond differently from adult males to suspension. Our working hypothesis was that neutral lipids decreased during suspension for adult males taken as a class and for adult females taken as a class. Because the individuals from a n annulus (a sample) were pseudoreplicates, we obtained a single observation for each sample as follows. For a given test, we determined the smallest number of individuals present in any of the samples. From each of the remaining samples, we selected that number of individuals at random without replacement and calculated a mean. We repeated the process 100 times and computed a mean of the means for each sample, which is the statistic that was used in subsequent calculations.
RESULTS

Preliminaries
To determine whether the concentration of microalgae decreased from natural levels during the experiment, we compared the concentration of chl a in the at-sea controls to the concentrations at the end for the 2 d and the 3 d durations (Table 3) separately with l-tailed t-tests. There was no indication of a significant de-crease in chl a concentration in either case.
To determine whether the amount of neutral lipid in suspension samples had been reduced prior to a run, we compared individuals from the samples most repre- (Table 4) . For adult females, the means were equal; for adult males, the 0 d suspension mean was greater than the at-sea mean. These results indicate that the transport of the samples to the laboratory and the establishment of the experimental conditions did not introduce artifacts that could have confounded our conclusions, because the differences were small a n d in directions opposite to those of the hypotheses to be tested. To determine whether neutral-lipid area changed over time in the nonsuspension (control) treatments, we calculated a l-way ANOVA on neutral-lipid areas among at-sea, 0 d nonsuspension, 2 d nonsuspension, and 3 d nonsuspension samples for adult males a n d adult females separately. The overall ANOVA was not significant for either sex (p > 0.1). For each sex, the means were similar among conditions, with considerable overlap in the ranges. Therefore, there was no indication of a difference between neutral-lipid areas from values measured on individuals frozen as soon a s possible after capture and those from material kept under nonsuspension (control) conditions for u p to 3 d.
Main experiment
After 2 d of exposure to storm-like treatments in the laboratory, the mean neutral-lipid area for adult females from the suspension treatment on the transAfter 3 d of suspension, there was no significant difformed scale was 0.98. The mean neutral-lipid area ference between the means of the suspension (0.98) for adult females in the nonsuspension treatment was and nonsuspension (1.12) treatments for adult females 1.00 (Table 4) , a difference that was not statistically (l-tailed, paired t-test) ( Table 4 ) . A power calculation significant (p > 0.5, l-tailed, paired t-test). A power revealed that the test had a probability >0.4 of detectcalculation (Dixon & Massey 1969) revealed that the ing a difference in mean neutral-lipid area between test had a probability >0.95 of detecting a difference treatments as great as or greater than that found for in mean neutral-lipid area between treatments as adult males (see below). great as or greater than that found for adult males For adult males, the mean neutral-lipid area in the (see below).
3 d suspension treatment on the transformed scale was For adult males, the mean neutral-lipid area in the 0.27, while in the nonsuspension treatment, it was 0.65. 2 d suspension treatment on the transformed scale was
The former was significantly less than the latter (p < 0.27. The mean area in the nonsuspension treatment 0.05, l-tailed, paired t-test) (Table 4 ). When the alpha was 0.61 ( Table 4 ) . The difference was significant (p < level was adjusted to take into account that 2 tests 0.01, l-tailed, paired t-test). When the alpha level was were performed, the result for the adult males adjusted by the Bonferroni method (Snedecor & remained significant. We estimated that the volume of Cochran 1980) because 2 tests (adult males and adult neutral lipid decreased by 89%. females) were done, the result for the adult males Two statistical problems complicated extension of remained significant. Although the test on neutralthis analysis to adult males of individual species. First, lipid area allowed us to detect an effect of suspension, samples contained different numbers of adult males of the consequences of the change in neutral-lipid area a given species. To reduce the number of individuals for the biology of adult males can be more easily seen used to calculate the sample means to the lowest numin terms of neutral-lipid volume because stored energy ber of adult male individuals of a species found in any varies directly with the volume of neutral lipid. To estisample as above was not appropriate because most of mate the change in neutral-lipid volume that an averthe information about each species' response would be age individual might experience, we assumed that lost. Instead, we used all the individuals of a species in neutral-lipid droplets were spherical, that within a a sample to calculate a mean for the sample and treatment all the droplets had the same radius, and accepted that this procedure makes the t-test conservthat the number of droplets was the same in the averative by introducing heterogeneity into the treatment age individual in both treatments. Under these variances (D. Meeter pers. cornrn.). In this sense, the assumptions, the change in area corresponded to a list of species found to be significant is the minimum 76 % decrease in neutral-lipid volume.
list. At the same time, the alpha level of each test was not adjusted to account for multiple test- In the 2 d duration data, the adult males the 3 d entry is based on 7 ind. sample-'
of 13 species could be tested (i.e. adult males were present in > l run for one of the treatments and 21 run for the other treatment). Of those species, 3 (23 %) had 'slgnlficantly' smaller neutral-lipia areas in the suspension treatment ( These species ranked second, seventh, and ninth in abundance in the 2 d duration data of the 13 species tested (Table 2) , so the lack of significant differences in the other abundant species is unlikely to have arisen simply because of this aspect of statistical power. In the 3 d duration data, the adult males of 14 species could be tested, and the neutral-lipid areas of 5 (36%) were 'significantly' smaller in the suspension treatment (Table 5 ). These species The lack of significance in the 3 d data for Bulbamphiascus cf. minutus may be the result of a small sample size. The 2 d result was based on 11 individuals, whereas only 6 were available for the 3 d analysis.
DISCUSSION
Preliminaries
The bottom-associated, water-column feeding harpacticoids that have been studied consume microalgae (Decho 1986) . As the chl a concentrations in the suspension annuli at the beginning of each replicate were very similar to those in the at-sea controls and to chl a values measured in near-shore waters in this area (Livingston 1984) , the starting chl a concentrations in the suspension annuli were appropriate. Rather than declining during the runs, the chl a concentration increased. We cannot comment on changes in plant species composition during our experiment, but the chl a measurements indicate no shortage of plant biomass in the suspension annuli.
Comparison of the neutral-lipid areas in the at-sea samples to those in the 0 d nonsuspension samples suggests that transport of the cores from the field to the laboratory and the handling involved in setting up the experimental conditions did not affect harpacticoid neutral-lipid content in such a way as to bias our results. Also, the neutral-lipid areas of the nonsuspension samples showed no evidence of a decrease over time, suggesting that there was no deterioration in these control treatments that could have affected the results.
Ideally, neutral-lipid reserves would be measured as mass, but such measurements on individual benthic harpacticoids are at the limit of conventional analytic procedures (Carman et al. 1991) . As information on individuals was of interest in this study, we used the Nile red technique (Carman et al. 1991) , which can be used on individuals but measures neutral-lipid area rather than mass. Because only a relative measure was required, the Carman et al. (1991) technique was appropriate, but it was insensitive to small changes in mass or changes in mass that did not affect the outline of the neutral-lipid droplets in lateral view.
Main experiment
For adult male harpacticoids, mean neutral-lipid areas were significantly smaller in suspension than in nonsuspension treatments after 2 d and after 3 d. We estimated that the differences corresponded to substantial decreases in the neutral-lipid volume of suspended adult males. Given that many storms at the study site suspend adult males for longer than 2 d , the result suggests that storm-induced suspension has a large energetic cost. Whether this cost is compensated for by other consequences of being in the water column, such as dispersal, is not known.
In comparisons of the means of the at-sea, 0 d, 2 d. and 3 d suspension samples for adult males, the 2 d mean was conspicuously smaller than the at-sea mean, but there was no corresponding difference between the 2 d and 3 d means, suggesting a decrease in the rate of neutral-lipid utilization between Day 2 and Day 3. Given that the number of species whose adult males had significantly reduced neutral-lipid areas increased between Day 2 and Day 3, the apparent decrease in rate of neutral-lipid utilization may or may not be real. That adult males suspended for 2 or 3 d have less neutral lipid than adult males in the sediment implies that while suspended they acquire energy at a lower rate, increase their energy use, or both. Although suspended adult males probably feed (if at all) at a lower rate than do adult males in the sediment, our results could arise by any combination of increased energy cost for or decreased energy supply to suspended adult males.
For adult females, mean neutral-lipid areas were not significantly less in suspension than in nonsuspension treatments after either 2 or 3 d. The power analysis on the 2 d duration results suggested that it was very likely that we would have detected a decrease in neutral-lipid area as great as or greater than that found for adult males. The power analysis on the 3 d duration results revealed that we had a much smaller probability of detecting a decrease in neutral-lipid area greater than or equal to that found for adult males (because of greater variance of adult female neutral-lipid levels).
The results were not sufficient to reveal whether adult males used more of their neutral-lipid reserves than adult females while suspended. The difficulty arose because our methods more readily detected a change of a given amount when neutral-lipid volume was small than when it was large. As adult females contained more neutral lipid per individual on the average than did adult males, we would have more readily detected a difference in neutral-lipid utilization for adult males than for adult females. To examine this issue, we calculated (in the transformed space) the decrease in mean neutral-lipid volume (using the assumptions above) that would have been expected if suspended adult females had used as much neutral lipid on a volume basis as suspended adult males. We then converted the values back to an area basis. For both the 2 d and 3 d data, the nonsuspension values were significantly greater than these estimates, suggesting that if suspended adult females had used as much (or more) neutral lipid as the suspended adult males, we would have detected it. Therefore, we inferred that the d~fference in neutral-lipid utilization between suspended and nonsuspended individuals was greater for adult males than for adult females after 2 and 3 d.
As adult males and adult females have similar mouth parts, they are unlikely to differ in ability to feed in the water column. Whether harpacticolds feed in the water column or not, our results suggest that suspended adult males utilized more neutral lipid relative to nonsuspended adult males than did suspended adult females relative to nonsuspended adult females. Therefore, it seems appropriate to search for the explanation of the asymmetry in neutral lipid usage in asymmetnes between the biology of adult males and adult females.
First, adult males are often smaller (and therefore weigh less) than adult females (Hicks & Coull 1983 ), but energy consumption increases with weight in most invertebrates (Vernberg & Coull 1974) , so metabolic consequences of the difference in size seem unlikely to underlie the results.
Second, adult males mate with subadult females (Hicks & Coull 1983) , so adult males actively seek mates, whereas adult females do not. If mating can occur in the water column (see Bell et al. 1988 , 1989 , Hicks 1988 , the differences in neutral-lipid reserves could come about if adult males in the water column cannot feed sufficiently to 'pay' for the mating activities, that is, if males feed at a lower rate, or if mating activities are more energetically costly in the water column. Adult males should incur these costs if mating can only occur in the water column (Hicks 1988) or if an increase in the frequency of mate acquisition compensates in terms of fitness for the energy costs.
Although this explanation may be appropriate for slow-flow situations, it is unlikely to be so for storms because the swimming speeds of adult male harpacticoids should be comparable to those of the macrofauna1 larvae studied by Butman (1986) (because of the similarity in size) and those are insufficient to allow directed swimming in the water column during storms. If the decrease of energy reserves we document results because adult males persist in attempting to find mates under conditions where that strategy cannot work, then the energy use would be maladaptive, and storms would be periods of energetic stress for adult male harpacticoids.
A third hypothesis arises from the possibility that turbulent water motions during storms might bring potential mates together passively. If encounters between potential mates occurred often enough, then energy an adult male invested in remaining poised to clasp a mate could be compensated for in fitness terms by an increase in mating frequency. If suspended adult males acquired energy much less rapidly than they used it, this scenario could produce the results we observed. We used coagulation theory (Jumars 1993) to calculate the frequency of encounters with potential mates that turbulence could bring about. Depending on assumptions about the height above bottom through which the harpacticoids are mixed, adult males of the most common species could encounter copepodite-5 females (i.e. potential mates) as often as several times per day, suggesting that this hypothesis should not be dismissed out of hand.
The difference between adult male and adult female neutral-lipid utilization while suspended could be accentuated if adult females had no reason to remain active, sensed they had been suspended, and reduced their metabolic rate to a level that could be met by feeding or, if feeding is impossible, to a level that makes negligible demands on stored energy. Reductions of metabolic rate are known for crustaceans, for example, torpor in deep-sea scavenging amphipods (Smith & Baldwin 1982 ). S u s p e n d e d adult females n e e d not b e c o m e torpid; simply by t h e cessation of feeding they could r e d u c e their metabolic rate (Kisrboe e t al. 1985) . A n ability of s u s p e n d e d adult females to r e d u c e t h e r a t e a t which they use their e n e r g y reserves could b e a d a p t i v e because depleted neutral-lipid levels c a n interfere with reproduction (Tessier & Goulden 1982 , C l a r k e e t al. 1985).
Finally, t h e presence of sediment-dwelling meiofauna in t h e water column h a s b e e n k n o w n for s o m e time ( H a g e r m a n & Rieger 1981, Palmer & Brandt 1981) , a n d t h e r e h a s b e e n considerable interest in t h e possible costs a n d benefits (Palmer 1988) . Although evidence for benefits h a s b e e n presented (Decho 1986 , Service & Bell 1987 , Hicks 1988 , t h e costs h a v e not b e e n assessed. O u r results suggest that 2 d of suspension for adult females m a y involve little, if any, cost in terms of a depletion of stored e n e r g y reserves. If this effect is achieved without a reduction in metabolic rate, t h e n suspension b y storms m a y b e b e n i g n i n t h e s e terms, b u t if adult females r e d u c e their metabolic rate when in t h e w a t e r column, t h e n t h e rates of other processes (i.e. e g g production) could b e slowed. Therefore, it is p r e m a t u r e to conclude that suspension is benign for adult females. For a d u l t males, our results suggest that suspension b y winter storms entails a large energetic cost a n d establish that there m a y b e disadvantages for benthic harpacticoids in t h e water column. T h e harpacticoid results raise t h e possibility that suspension m a y involve energetic costs for other p e r m a n e n t (e.g. nematodes) a n d temporary (e.g. juvenile polychaetes) meiofauna.
